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Spatial pattern of land cover change in China’s
semiarid environment
BaoLin LI1 and QiMing ZHOU2*
1
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Research, Chinese Academy of Sciences, Beijing 100101, China;
2
Department of Geography, Hong Kong Baptist University, Kowloon Tong, Hong Kong, China

Abstract: This study seeks a routine to quantify spatial pattern of land cover changes in semiarid
environment of China based on post-classification comparison method. The method consists of
three major steps: (1) the image classification and unification of classified results based on
two-level land cover classification themes, (2) the establishment of land cover change classes
based on an unification land cover classification theme, (3) the reclassification and mapping of land
cover change classes with three overall classes including no-change, gain and loss based on the
unification land cover class. This method was applied to detect the spatial pattern of land cover
changes in Yinchuan Plain, one of famous irrigation agricultural zones of the Yellow River, China.
The results showed the land cover had undergone a remarkable change from 1991 to 2002 in the
study area (the changed area was over 30%). Rapid increase of cropland (12.5%), built-up area
(131.4%) and rapid decrease of bare ground (51.7%) were alarming. The spatial pattern of land cover
changes showed clear regional difference in the study area and was clearly related to human activities or natural factors. Thus, it obtained a better understanding of the human impact on the
fragile ecosystem of China’s semiarid environment.
Keywords: change detection, spatial pattern, land cover, semiarid zone of China, remote sensing, human activities

1 Introduction
Arid and semiarid zones in China have undergone accelerated desertification or land degradation since the
1990s (Wang et al., 2004; Chen and Tang, 2005). In
these areas, the fragile ecosystems are dominant and
the land cover change often reflects the process and
causes of this kind of ecosystem deteriorations due to
human activities. Therefore, land cover change research in arid and semi-arid zone of China has been an
active topic (Jia et al., 2004; Fu et al., 2006).
Remotely sensed data have been one of the most
important data source for land cover change study in
the past 30 years and large collections of remote sensing imagery have made it possible to analyze spatio-temporal pattern of land cover and its relationship
with human activities. Research has been widely reported on the methodology of remote sensing change
detection on land cover (Singh, 1989; Lu et al., 2004;
Coppin et al., 2004; Zhou et al., 2008a; 2008b; Li and
Zhou, 2009).

Generally land cover change detection methods can
be divided into two categories including post-classification approach and pre-classification approach
(Lunetta, 1999). Because post-classification approach
is less sensitive to radiometric variations between the
scenes (Mas, 1999) and can provide from/to information (Macleod and Congalton, 1998), it is used more
frequently in land cover change detection in arid and
semiarid environment (Wallace et al., 2003; Harris,
2003; Tappan et al., 2004; Gutierrez et al., 2004; Zhou
et al., 2008a).
Post-classification approach is typically based on
medium and high resolution remotely sensed images
(Landsat TM, ETM, SPOT, IRS and AVIRIS). Its applications in land cover change detection in arid and
semiarid environment of China focus on three aspects:
the area ratio changes of land cover classes (Li et al.,
2004; Liu et al., 2005), the conversion ratio matrix
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of land cover change classes (Wu and Ci, 2002) and
the spatial pattern changes characterized by land cover
metrics changes (Li et al., 2001; Lu et al., 2003; Zhou
et al., 2008b).
However, all these applications focused more on the
statistics information of land cover classes, land cover
change classes or spatial metrics of land cover classes.
To understand the causes of land cover changes, it is
often required to relate the spatial pattern of land
cover changes to human factors or other environmental elements, rather than merely rely on the discussion of statistics information on land cover changes.
This study seeks an efficient and practical methodology to quantify spatial pattern of land cover changes
in semiarid environment of China, not only the statistics information of land cover changes but also their
spatial patterns can also be obtained. Thus, land cover
change can be related more effectively with both human activities and natural factors.

2 Study area and data
The study area is located in the Yichuan Plain,
Ningxia Hui Autonomous Region, China. It is to the
West of middle reach of the Yellow River and the Mu
Us Sandy Land and to the East of Helan Mountains
(Fig. 1). It belongs to five cities including Yinchuan,

Fig. 1
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Huining, Helan, Pingluo and Shizuishan. Because we
try to detect the land cover change and its causes related to both human activities and natural factors in
this region, we just focus the study area on the
Yinchuan Plain part of these five cities or counties
where the major human activities happened (the green
lines and the blue lines of the Yellow River are the
boundaries of the study area).
The Yinchuan Plain is one of the most important irrigation habitation areas in northwest arid and semiarid zone of China. The major landform is the floodplain of the Yellow River. The land reclamation in this
area has long history and perfect irrigation work systems have been developed. Now it has become one of
the most developed regions along the Yellow River.
Two remote sensing images from Landsat TM/ETM
were acquired for change detection of this study (Table 1). The image in 2002 was registered based on the
topographic map at a scale of 1︰100 000 using 20
Ground Control Points (GCPs). The image in 1991
was then geometrically corrected and registered using
image-to-image registration taking the image in 2002
as master. Efforts had been made to control the registration errors within 0.5 pixels of the image (15 m) so
that the errors of change detection caused by
mis-registration were less critical.

Location of the study area
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Table 1

Data used in this research

Satellite

Sensor

Path/Row

Resolution
(m)

Acquisition
date

Landsat 5

TM

129/33

30

30/08/1991

Landsat 7

ETM

129/33

30

01/06/2002

3 Methodology
The generic approach of this study is based on
post-classification comparison method. The method
consists of three major steps: (1) image classification
and unification of the classified results based on
two-level land cover classification themes, (2) establishment of land cover change classes based on unification land cover classification theme, (3) reclassification and mapping of land cover change classes with
three general classes including no-change, gain and
loss based on unification land cover class.
3.1 Image classification
A two-level hierarchical classification system was
used in this study. The level-1 classes (Table 2) include croplands, woodlands, grasslands, water bodies,
bare ground (unused land) and built-up areas according to Liu et al (2005). Because the woodland was
very limited in the study area, it was not included in
the land cover classification system. In addition, due
to the heterogeneity of level-1 classes, level-2 classes
are further classified to discriminate land cover classes
as possible. The slight difference of the level-2 classification schemes on the two observations was caused
by the different seasons of the two images.
The supervised classification using the Maximum
Likelihood Classifier was employed to classify indiTable 2
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vidual images independently. First, these two images
were classified into level-2 classes respectively (Table
2). Then, the classified results were unified into
level-1 classes. Finally, a mode filter (3×3 neighbourhood) was applied to the unified level-1 classification
results to remove isolated pixels.
Training areas for supervised classification based
on level-2 classes were selected based on image interpretation keys established during the field investigation and interviews with the local farmers and government officials. A minimum 10 training areas containing at least 100 pixels exhibiting uni-modal distribution for DN were selected for each class.
Jeffries-Matusita (JM) separability test (Richards,
1995) was then applied to ensure the correctness of
training area selection. For this study, the averages of
JM distances for these two images were all greater
than 1.8. To the classes with the larger spectral similarity, the JM distances were all higher than 1.6 for the
two images.
3.2 Establishment of land cover change classes
Two unified classification images were integrated in
GIS using raster format with ARC/INFO GIS software.
Based on level-1 classification scheme as shown in
Table 2, all possible land cover change classes can be
acquired in Table 3. For example, land cover change
class 22 means that all land cover classes on the two
observations were cropland, class 23 means that land
cover changed from cropland to grassland from 1991
to 2002 and class 32 means that land cover grassland
changed to cropland. Because there are five classes
respectively on the two observations, there are total 25
combinations of land cover change classes.

Land cover classification scheme for this study
Level 1 classes

Level 2 classes (1991)

Level 2 classes (2002)

Code

Built-up area

Built-up area

Built-up area

1

Summer harvest

Summer harvest

Cropland

Autumn harvest

2
Autumn harvest and medicine herb

Medicine herb
Grassland

Sparse grass

Sparse grass

3

Bare ground

Bare ground

Bare ground

4

River

River

Ponds

Ponds

Water body

5

No.1
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Land cover change classes
Land cover classes in 2002

Land cover
classes in
1991

1

2

3

4

5

1

11

12

13

14

15

2

21

22

23

24

25

3

31

32

33

34

35

4

41

42

43

44

45

5

51

52

53

54

55

The land cover class codes are the same with those in Table 2.

3.3 Reclassification of landuse change classes
The land cover change classes related to every land
cover class from 1991 to 2002 were classified into
three general classes: no-change, gain and loss. No
change means that the land cover class kept the same
on the two observations. Gain means that other land
cover classes changed into this class during this period.
Loss means that this land cover class changed into
other land cover classes from 1991 to 2002. For example, for cropland, 22 can be specified as no-change;
12, 32, 42 and 52 can be regarded as gain and 21, 23,
24 and 25 can be considered as loss over this period
(Table 3).
Although there are 25 landuse change classes, not
all land cover change classes are equally important
because the area of some classes is quite limited and
some classes actually do not exist (their existences
may be caused by misclassification). Therefore, landuse change classes for gain and loss are recoded further to illustrate the major sources of the changes.
Only landuse change classes which accounted for the
major changes for a landuse class were kept and others
were unified into a class.
3.4 Accuracy assessment
The standard method of confusion matrix is used to
assess classification accuracy (Conglton and Green
1999). Both overall accuracy and kappa index are
taken as the accuracy assessment indices. The accuracies of the two classified images were assessed independently. For every classified image, 200 sample
points based on a stratified random sampling scheme
were selected for ground truth.
Collecting reference data for accuracy assessment
on multi-temporal images always presents a serious
problem for researchers. Because simultaneous
‘ground truthing’ data on the two observations cannot
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be obtained, the determination of “ground truth” of the
samples was collected based on visual interpretation
of Landsat ETM+ composites over the two observations. These so-derived “ground truth” data were then
used to compute the accuracy assessment indices.

4 Results and discussion
4.1 Image classification
The classification results of the two images based on
level-1 classes are shown in Figure 2. The overall accuracies for image classifications were 80.1% and
78.7% with kappa coefficients 0.70 and 0.65 respectively in 1991 and 2002 (Table 4). The classification
accuracies were acceptable for this study.
Table 4 The accuracy of land cover classifications in 1991 and
2002 images
Overall accuracy

Kappa index

1991

80.1%

0.70

2002

78.7%

0.65

The accuracies of most land cover classes are also
acceptable (Table 5). The accuracies of cropland area
are the highest on the two observations among all the
land cover classes with both the producer’s accuracies
and the user’s accuracies greater than 80%. Those of
grassland were the lowest on these two observations
among all the land cover classes and their producer’s
accuracies and user’s accuracies range from 63%－
71%. The low accuracies were caused by the spectral
similarity between the sparse grass and bare ground.
Generally both the producer’s and user’s accuracy
for most of land cover classes are similar on the two
observations (Table 5). The differences between them
for most of land cover classes are within 15%. This
means that the commission error and omission error
are similar for most of land cover classes on the two
observations, meaning that there is no obvious bias in
either over- or under-estimation in the area statistics
for these land cover classes.
However, it should be pointed out that, unlike other
classes, the built-up area has shown significant bias in
its classification’s, producer’s and user’s accuracies.
Its producer’s accuracies in 1991 and 2002 are 88.9%
and 81.3%, respectively, which are obviously higher
than its user’s accuracies 72.7% and 54.2% (Table 5).
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Fig. 2
Table 5

Vol. 1

Land cover in 1991 and 2002

The accuracy of classification for each land cover class
2002

1991

Land cover class
Producer’s accuracy (%)

User’s accuracy (%)

Producer’s accuracy (%)

User’s accuracy (%)

Built-up area

81.3

54.2

88.9

72.7

Cropland

84.3

87.7

86.7

89.1

Grassland

63.9

63.9

63.0

70.7

Bare ground

69.2

75.0

85.7

81.8

Water body

73.7

82.4

77.3

63.0

This means that the commission errors of the classification results were higher than omission errors for
built-up area on the two observations, indicating that
the area statistics for built-up area may be overestimated to some degree, especially in 2002.
Generally speaking, in arid, semi-arid lands the land
cover classifications often deliver results with relatively low classification accuracies. More investigations are therefore needed to evaluate the effects of
error propagation on change detection based on classified imagery. First, new methods for assessing land

cover change accuracy detection based on multi-temporal imagery need to be developed. The accuracy
assessment of land cover change detection should not
just consider the accuracies of the individual classification on different epochs (Liu and Zhou, 2004; Li
and Zhou, 2009). Then, new methods of image
classification need to be investigated to improve the
accuracy of individual classifications for land cover
change trajectory analyses. Finally, more research is
proposed to determine the major “real” changed areas
using spatial analysis methods.
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expansion and urbanization has been recognised as
one major cause that results in serious shortage of water resource in the lower reach of the Yellow River
(Liu and Zheng, 2004; Yang et al., 2004).
A large portion of the bare ground land cover class
is mobile sand dunes. The decrease of bare ground
(hence the mobile sand dunes) shows the positive impact by the rehabilitation of deteriorated ecosystems in
sandy land. The rehabilitation of deteriorated ecosystems has made some significant impact to alter the
trend of sandy desertification in arid and semiarid environment of China, as Wang et al (2004) has proposed.
4.2.2 Area ratio conversion matrix
Table 7 shows the area ratio conversion matrix of land
cover classes. From 1991 to 2002, the unchanged area
occupied about 67% of the total study area while the
changed area was over 30%. Even taking into account
some uncertainty of this statistics caused by the classification errors, the land cover change was still quite
remarkable in the study area during this period.
The changes of built-up area and bare ground were
one-fold. This means that land cover of these two
classes mainly changed from other land cover classes
or mostly changed to others. During this period, 8.2%
of the total study area changed from other land cover
classes to built-up area and only 1.2% of the total
study area changed from built-up area to other land
cover classes; 5.8% of the total area changed from
bare ground to other land cover classes and only 1.6%

4.2 Landuse change
4.2.1 Area statistics
Table 6 and Figure 2 show the distributions and area
statistics of land cover in the study area. Cropland distributed most widely and occupied about 58% and
66% in 1991 and 2002, respectively. Grassland was
another major land cover class which accounted for
about 19% and 15% in 1991 and 2002, respectively.
The area of other land cover classes were relatively
limited (generally less than 10% of the total study area)
on the two observations.
Some alarming findings can be revealed from the
results of this study on the land cover change from the
area statistics. The first is the rapid increase of cropland, which has expanded 4 511 hm2 or 12.5% during
this period. The second is the growth of built-up area,
which has expanded 3 041 hm2 or 131.4%. It is understood that the area statistics for built-up area might be
overestimated to some degree, as discussed above
(Section 4.1), the rapid expansion of built-up area is
nevertheless undeniable for its very high growth rate
(131.4% in 11 years). The third is the rapid decrease of
bare ground, which decreased 2 652 hm2 or 51.7%.
The cropland in the study area is mainly based on
irrigation and the rapid expansion of cropland means
greater demand on water resources. Meanwhile the
rapid increase of built-up area also needs more water
resources for the growth of population and industry.
As the Yellow River is almost the sole source of water
resources for this region, the great impact of cropland
Table 6
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Land cover area in 1991 and 2002
Year
hm2

Build-up area

Cropland

Grassland

Bare ground

Water body

2 316

35 944

11 679

5 129

6 449

1991
%

3.8

58.4

19.0

8.3

10.5

hm2

5 357

40 455

9 156

2 477

4 072

%

8.7

65.8

14.9

4.0

6.6

2002

Table 7

Land cover area ratio conversion matrix from 1991 to 2000
2001
Built-up area

1999

Cropland

Grassland

Bare ground

Water body

Built-up area

2.6

0.6

0.4

0.1

0.1

Cropland

2.4

50.0

4.2

0.8

1.0

Grassland

2.4

7.0

7.8

0.6

1.3

Bare ground

0.7

3.9

1.1

2.5

0.1

Water body

0.7

4.2

1.5

0.1

4.0

Total study area: 61 517 hm2.
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of the total study area changed from other land cover
classes to bare ground.
The changes of cropland, grassland and water body
were two-fold. This means that these three classes not
only changed from other land cover classes on large
scale but also changed to others in large amount. During this period, 15.7% of the total area changed from
other land cover classes to cropland and 8.4% changed
from cropland to other land cover classes; 7.3% of the
total area changed from other land cover classes to
grassland and 11.3% changed from grassland to other
land cover classes; 2.5% of the total area changed
from other land cover classes to water body and 6.5%
changed from water body to other land cover classes.
For one-fold land cover change classes, the increased built-up area in 2002 mainly changed from
cropland and grassland. The areas changed from the
two classes were both 2.4% of the total study area.
The decreased bare ground in 1991 mainly changed to
cropland and grassland. The areas changed to the two
classes were 4.2% and 1.5% of the total study area
respectively.
For two-fold land cover change classes, the increased cropland in 2002 mainly changed from grassland, water body and bare ground, which occupied
7.0%, 4.2% and 3.9% of the total study area, respectively. The decreased cropland in 1991 mostly
changed to grassland and built-up area, which occupied 4.2% and 2.4 of the total study area, respectively.
The increased grassland in 2002 mainly changed from
cropland, water body and bare ground, which occupied 4.2%, 1.5% and 1.1% of the total study area, respectively. The decreased grassland in 1991 mostly
changed to cropland and built-up area, which occupied
7.0% and 2.4% of the total study area, respectively.
Increased water body in 2002 mainly changed from
cropland and grassland, which occupied 1.0%, and
1.3% of the total study area, respectively. The decreased grassland in 1991 mostly changed to cropland
and grassland, too, which occupied 4.2% and 1.5 of
the total study area, respectively.
4.2.3 Spatial patterns of land cover change classes
Figure 3a shows the spatial pattern of built-up area
change from 1991 to 2002. The built-up area mostly
distributed in Yinchuan City and Shizuishan City.
During this period, the gain of built-up area was
mostly close to the two major cities, too. The gain in
other regions was limited and not concentrated. This
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was quite different the spatial pattern of built-up area
change which encroached not only around large cities
but also around small towns in East China such as
Pearl River Delta region, China, where economic was
much more developed (Seto et al., 2002; Li and Ye,
2004).
Although the expansion of built-up area in the study
area mostly distributed around the two large cities,
their spatial patterns were also different. The built-up
area around Yinchuan City expanded around its old
built-up area, but that in Shizuishan expanded along
the railway, highway and national roads, which connected to this city (Fig. 3a and Fig. 1). This may be
caused by different nature of the two cities. Yinchuan
is the capital of Ningxia Hui Autonomous Region,
China and the expansion of built-up area was mainly
for rapid increase of population and industry. Shizuishan City is famous for its coal mining and power industry. The built-up area expansion along railway and
roads around Shizuishan City mainly supported the
transportation of coals.
Yinchuan City generally is consisted of two parts
including “old district” in the east where had begun to
develop before 1958 and the “new district” in the west
where was developed after 1958. The gain around “old
district” of Yinchuan City was mainly from cropland
and that around “new district” of Yinchuan City and
Shizuishan City mostly changed from grassland or
other land cover classes. This was because the “old
district” of Yinchuan City was located closer to the
Yellow River than the “new district” of Yinchuan City
and Shizuishan City, developed earlier and more cropland distributed around it.
Figure 3b shows the spatial pattern of cropland
change. The density of cropland in the east part of the
study area is much higher than that of in the west part
of the study area. This may be because the eastern part
is closer to the Yellow River and easier to be irrigated
and reclaimed. The gain mainly happened in the western part and mainly changed from grassland and bare
ground. This is because only in these areas is there
large area of grassland and bare ground that can be
reclaimed. The loss mainly distributed in the eastern
part of the study area and can be divided into two parts:
the area around “old district” of Yinchuan City where
was changed into built-up area for urban construction
and other region where cropland was abandoned as a
result of soil salinization-alkalization.

No.1
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Fig. 3
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Spatial patterns of land cover change classes from 1991 to 2002

This kind of land cover change pattern should be
paid attention. On one hand, the cropland was abandoned and changed into grassland because of soil
salinization-alkalization. On the other hand, new
grassland was reclaimed. The rehabilitation of abandoned cropland caused by salinization-alkalization
was very difficult. Therefore, utilizing the existed

cropland properly may be better than reclaiming new
cropland.
Figure 3c shows the spatial pattern of grassland
change. The grassland mostly scattered taking small
patches in the study area except for a large patch in the
northwest of this region. This means that most grassland has been reclaimed in the study area. The gain of
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grassland mainly distributed in eastern part of the
study area and changed from cropland or water body.
As discussed above the gain from cropland was caused
by the cropland abandonment as a result of soil salinization-alkalization. However, the gain from water was
related to natural factors because of the flood in 1991
along the Yellow River. The loss mainly distributed in
the western part of the study area and changed to cropland because of the reclamation of grassland as
discussion on cropland change pattern.
Figure 3d shows the spatial pattern of bare ground
changes. The bare ground scattered in the study area
taking large patches. The loss mostly distributed in the
western part of the study area and mainly changed to
cropland. This kind of land cover change was related
to the local policies which encourage developing specific agriculture such as medicine herb planting. These
new cropland was mainly planted by Glycyrrhiza
uralensis Fisch, Ephedra sinica Stapf, Astragalus adsurgens Pall and Cistanchesalsa (C.A.Mey.) G.Beck
(for the production of Herba Cistanches).
Figure 3e showed the spatial pattern of water body.
The loss of water body can be grouped into two parts
including water body along the Yellow River and that
to the west of Yellow River. The loss of water body
along Yellow River was related to natural factor of
flood in 1991. The water body to the west of Yellow
River was related to human factors. Most of these water bodies changed into cropland. In local area, it is the
common practice that the lower area which was easily
affected by flood was reclaimed to paddy cropland.

5 Conclusion
This study seeks an efficient and practical methodology to quantify spatial pattern of land cover change in
semi-arid environment. The generic approach of this
study is based on post-classification comparison
method. The method consists of three major steps: (1)
image classification and unification of classified results based on two-level land cover classification
themes, (2) establishment of land cover change classes
based on unification land cover classification theme,
and (3) reclassification and mapping of land cover
change classes with three overall classes including
no-change, gain and loss based on unification land
cover class. Using this method, we obtained not only
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the area ratio and area conversion ratio matrix of land
cover classes but also the spatial patterns of land cover
change classes. Thus, the relationship between land
cover changes and human activities and natural factors
can be effectively described.
The method has been applied to detect the spatial
patterns of land cover change in Yinchuan Plain, one
of famous irrigated agricultural zones along the Yellow River in northwest China. The result shows the
remarkable land cover change from 1991 to 2002,
with identified changed area over 30% of the study
area. Rapid expansion of cropland (12.5%) and
built-up area (131.4%) and decrease of bare ground
(51.7%) were alarming. The cropland gain mainly located in the western part of the study area by reclaiming from grassland and bare ground, while the lost
mainly found in the eastern part due to the urban construction or cropland abandonment as a result of soil
salinization-alkalization. The expansion of built-up
area in the study area is mostly found around two large
cities. The spatial pattern is quite different from that in
eastern China where the built-up areas encroach not
only around large cities but also around small towns.
The lost of bare is mostly located in the western part
of the study area where the mobile sand dunes have
been taken over by croplands as the results of local
government policies that encourage the development
of specific agriculture such as medicine herb plantation. The lost of water body is found along the Yellow
River (related to natural factor of flood in 1991) or on
the flood plain of the Yellow River (related to human
factors that the flood-prone zone was reclaimed to
paddy fields).
Although the overall accuracies of the image classification are acceptable, the impact of misclassification
on land cover change detection such as built-up area
cannot be ignored. Improving the accuracies of change
detection and evaluating the uncertainty of change
detection on land cover change detection applications
should therefore be further investigated. Thus, science-based environmentally sound management decisions on land resource management and development
can be achieved.
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